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Abstract—As HSPA/HSPA+ and LTE/LTE-A evolve in parallel,
the reconfigurability of a receiver to support multiple standards
has become more and more important, especially for small
cells. In this paper, we first suggest a reconfigurable multi-
standard uplink MIMO receiver based on a frequency domain
equalizer. Then, to improve the performance, we propose two
low-complexity partial iterative interference cancellation (IC)
schemes to deal with the residual inter-chip and inter-antenna
interference in HSPA/HSPA+ and the residual inter-symbol and
inter-antenna interference in LTE/LTE-A. Compared with a
receiver consisting of separate HSPA/HSPA+ and LTE/LTE-A
uplink receivers, this reconfigurable receiver can save up to
66.9% complexity. Moreover, the two partial IC schemes have
negligible performance loss compared with full IC scheme. They
can achieve 2 dB gains in both standards with only 15.2%
additional complexity to no IC scheme.
I. INTRODUCTION
LTE/LTE-A has been proposed to support up to 1 Gbps in
the downlink and 500 Mbps in the uplink. At the same time,
HSPA/HSPA+ is also being advocated to support up to 672
Mbps in the downlink and 70 Mbps in the uplink. Because
both standards coexist and evolve in parallel, it becomes more
and more important for receivers to support multiple standards,
while maintaining low complexity, especially for small cells.
After being introduced in [1], time domain equalizer (TDE)
receivers have often been used in HSPA/HSPA+ base stations.
On the other hand, frequency domain equalizer (FDE) re-
ceivers are used in LTE/LTE-A base stations. Simply putting
HSPA/HSPA+ and LTE/LTE-A uplink receivers together re-
sults in a complicated receiver. The reason is that with the
lack of commonality in TDE [1], [2] and FDE, it is hard
to reduce the complexity of algorithm and architecture. In
recent literature [3], [4], it was shown that FDE can be
applied to the UMTS downlink without changing the current
UMTS transmitter. In [3], the overlap-cut method is analyzed.
In [4], the cyclic reconstruction method is presented. Both
methods have good performance. However, compared with
cyclic reconstruction, because overlap-cut does not need to
perform matrix inversion, it has less complexity. By applying
the idea in [3] to the HSPA/HSPA+ uplink and combining
this receiver with a LTE/LTE-A uplink receiver, in this paper
we suggest a reconfigurable multi-standard uplink MIMO
receiver. Results show that the reconfigurable receiver has up
to 66.9% less complexity than a receiver consisting of separate
HSPA/HSPA+ and LTE/LTE-A uplink receivers. This reduces
the silicon area and power consumption.
In multi-tap channels, however, the residual interference of
FDE degrades the performance. Interference cancellation (IC)
can be used for mitigating this effect. Because of the spreading
factor, IC needs to perform at the chip level in HSPA/HSPA+;
while it needs to work at the symbol level in LTE/LTE-A.
Recently, many IC schemes have been proposed, but only
a few are for FDE and none is for multi-standard receivers.
For example, in [5], all possible combinations of the current
symbols are generated. For N current symbols with BPSK, the
receiver needs to list up to 2N combinations, resulting in high
complexity. In [6], the channel coefficients need to be sorted.
This scheme also has high complexity. After being applied to
FDE in [7]–[10], the IC scheme proposed in [11] no longer has
low complexity. In [7], [8], IC is performed in the frequency
domain for UMTS. This means extra DFTs are needed to
convert the feedback signal to the frequency domain, which
results in more complexity and significantly larger latency of
the feedback signal. A similar issue occurs in LTE/LTE-A in
[9], [10]. All above schemes either are too complicated or have
large latency for real-time implementation.
In order to perform low-complexity IC for a multi-standard
receiver, we therefore propose two partial iterative IC schemes.
In HSPA/HSPA+, two schemes spread detected symbols
into detected chips, regenerate interference from part of
these chips, and perform inter-chip and inter-antenna IC. In
LTE/LTE-A, these schemes regenerate interference from part
of the detected symbols and perform inter-symbol and inter-
antenna IC. Compared with other schemes, our schemes cancel
only part of the interference instead of all of it. Furthermore,
our IC does not need extra DFTs for the feedback signal,
what result in less complexity and latency. Results show that
our schemes have negligible performance loss compared with
full IC, can bring up to 2 dB gain in both HSPA/HSPA+ and
LTE/LTE-A, and only add 15.2% complexity to a reconfig-
urable multi-standard receiver without IC.
To the best of our knowledge, this is the first paper that
analyzes reconfigurable multi-standard receivers and proposes
IC for it. In section II, a reconfigurable multi-standard receiver
is described. Section III presents our low-complexity partial
iterative IC schemes. Simulation and complexity are shown in
section IV and V. Section VI draws the conclusions.6282
Fig. 1. Reconfigurable multi-standard uplink MIMO receiver (Horizontal shaded modules are unique to HSPA/HSPA+; Vertical shaded modules are unique
to LTE/LTE-A; Non-shaded modules are shared by both standards).
II. RECONFIGURABLE MULTI-STANDARD UPLINK MIMO
RECEIVER
A reconfigurable multi-standard receiver for an
HSPA/HSPA+ and LTE/LTE-A uplink is shown in Fig. 1.
The receiver is for a spatial multiplexing MIMO system
with NT transmitter antennas and NR receiver antennas. The
shaded modules marked by horizontal lines are unique to
HSPA/HSPA+: overlap, cut, and despreading. The shaded
modules marked by vertical lines are unique to LTE/LTE-A:
cyclic prefix (CP) removal and subcarrier de-mapping. The
non-shaded modules are shared by both standards.
A. Receiver in HSPA/HSPA+
Because there is no CP in HSPA/HSPA+, overlap-cut is used
for helping apply FDE. This method is shown in Fig. 2. First,
DFT is performed on the N received chips. Next, after FDE,
the N equalized chips are converted to the time domain by
IDFT. Finally, the middle M chips are kept, and (N  M)=2
chips from each side are discarded, because the middle section
has less error than the edge regions.
By bypassing CP removal and subcarrier de-mapping mod-
ules, the receiver works in HSPA/HSPA+. The received chips
at time t are
y(t) =
L 1X
i=0
h(i)x(t  i) + n(t); (1)
where y(t) is an NR  1 vector of received chips at time t;
h(i) is an NR NT time domain channel matrix at tap i as
h(i) =
0@ h1;1(i) ::: h1;NT (i)... . . . ...
hNR;1(i) ::: hNR;NT (i)
1A ; (2)
L is the length of the channel; x(t   i) is an NT  1 vector
of transmitted chips at time t   i; n(t) is an NR  1 vector
of additive white Gaussian noise with zero mean and variance
2 at time t; hnr;nt(i) is the coefficient of the channel from
transmitter antenna nt to receiver antenna nr at tap i.
Next, for each antenna, DFT converts N chips selected by
the overlap module to the frequency domain. The converted
chips from all antennas are Y.
By assuming the channel is known by the receiver, Min-
imum Mean Square Error (MMSE) FDE is applied to each
frequency subcarrier by
Yeq(n) = (H(n)
H
H(n) + 2I) 1H(n)HY(n); (3)
Fig. 2. Overlap-cut method for FDE.
where Yeq(n) is an NR  1 vector of equalized frequency
domain chips on the nth subcarrier; H(n) is an NR  NT
frequency domain channel matrix of the nth subcarrier; Y(n)
is an NR1 vector of the frequency domain chips on the nth
subcarrier; n = 1; :::; N . An NT  NT equalized frequency
domain channel matrix Heq(n) is also computed by
Heq(n) = (H(n)
H
H(n) + 2I) 1H(n)HH(n): (4)
Then each IDFT converts N equalized frequency domain
chips and channel matrices to the time domain. The converted
chips and channel matrices from all antennas are yeq and heq .
Later, the cut module for each antenna keeps the middle
M equalized time domain chips and discards (N   M)=2
chips from each side. Finally, the kept chips are despread to
symbols by the corresponding spreading factor of each user,
and symbols are detected.
B. Receiver in LTE/LTE-A
Because of the existence of CP in LTE/LTE-A, FDE can be
directly applied. By bypassing overlap, cut, and despreading
modules, the receiver works in LTE/LTE-A. The flow is similar
to HSPA/HSPA+.
First, symbols y(t) are received as in Eq. (1). Then CP is
removed from N +NCP received symbols for each antenna,
where NCP is the number of CP symbols. After that, DFT for
each antenna converts N kept symbols to the frequency do-
main. Next, frequency domain symbols are mapped to different
users in the subcarrier de-mapping module, and MMSE-FDE
is applied as in Eq. (3) to each frequency subcarrier. Finally,
for each user, M equalized frequency domain symbols are
converted to the time domain by IDFT and then detected.
C. Similarities and differences
By using FDE, the reconfigurable multi-standard up-
link MIMO receiver exploits the similarities between
HSPA/HSPA+ and LTE/LTE-A uplink receivers. Modules hav-
ing high complexity are shared: FDE, DFT, IDFT, and detector.6283
This sharing results in much lower complexity. Although there
are some unique modules for different standards, such as
overlap, cut, despreading, CP removal, and subcarrier de-
mapping modules, these modules have low complexity. These
represent only a small percentage of the complexity of the
entire receiver. The receiver complexity is shown in section V.
III. LOW-COMPLEXITY PARTIAL ITERATIVE
INTERFERENCE CANCELLATION
In multi-tap channels, the residual interference still exists af-
ter FDE and degrades the performance. The problem becomes
more complicated in a multi-standard receiver.
To solve this problem while keeping low complexity, we
propose two partial iterative IC schemes: partial single-chip IC
(SCIC) and partial multi-chip IC (MCIC). In HSPA/HSPA+,
these schemes cancel inter-chip and inter-antenna interference,
while in LTE/LTE-A they cancel inter-symbol and inter-
antenna interference. Instead of fully cancelling the interfer-
ence, our schemes cancel only part of it. As shown later, they
have the same performance as full IC but with less complexity.
The schemes are shown in Fig. 3 and can be applied to the
receiver in Fig. 1. The shaded modules marked by horizontal
lines are unique to HSPA/HSPA+; non-shaded modules are
common for both standards. Although our schemes work in
both standards, they are discussed separately in the following
sections to simplify the presentation.
A. Interference cancellation in HSPA/HSPA+
In HSPA/HSPA+, the equalized time domain chips are
yeq(t) =
jX
i=j N+1
heq(i)x(t  i) + neq(t); (5)
where yeq(t) is an NT  1 vector of equalized time domain
chips at time t; j is equal to (t mod N); heq(i) is anNTNT
equalized time domain channel matrix at tap i; heq(N + i) =
heq(i); neq(t) is an NT  1 vector of equalized time domain
additive white Gaussian noise at time t.
After the cut module, Eq. (5) can be written as
yeq(t) = heq(0)x(t) +
M 1X
i=1
heq(i)x(t  i) + neq(t): (6)
The first term is the transmitted chips. The second term is the
residual interference from the other (M 1)NT previous chips
at all antennas. This term can be minimized by regenerating the
interference from heq(i) and the detected chips. To minimize
the interference, two partial IC schemes are proposed.
1) Partial single-chip interference cancellation: When NT
equalized time domain chips arrive, IC is performed by
yic(t) = f(yeq(t)  yri(t))
= f(heq(0)x(t) + neq(t));
(7)
where yic(t) is an NT 1 vector of chips after IC at time t; f
is an NT NT equalization matrix and will be defined later;
Fig. 3. Interference cancellation for multi-standard uplink MIMO receiver
(Horizontal shaded unique to HSPA/HSPA+; Non-shaded shared by both).
yri(t) is an NT  1 vector of regenerated interference at time
t. The MMSE criterion is applied to yic(t) by choosing f as
f = heq(0)
H
(heq(0)heq(0)
H +Cnoise)
 1; (8)
where Cnoise is the covariance of the equalized noise neq(t),
Cnoise = E[neq(t)neq(t)H]: (9)
This can be calculated in the frequency domain by
Cnoise =
2
N
NX
n=1
A(n)A(n)
H
; (10)
where A(n) is defined as
A(n) = (H(n)
H
H(n) + 2I) 1H(n)H: (11)
As shown, because A(n) has already been calculated in
Eq. (4), the computational complexity can be reduced.
Next, the despreading module of each user converts yic(t)
together with the rest of chips in the same symbol into a single
symbol. The equation is
ys(p+ 1) =
1
LSF
LSFX
i=1
a(i)yic(pLSF + i); (12)
where ys(p+1) is the (p+1)th NT1 vector of symbols; LSF
is the length of the spreading factor; a(i) is the ith element
of the spreading factor. Each time, NT chips are despread to
NTNU symbols, where NU is the number of users.
Next, symbols are detected at each user. After that, the
detected symbols of all users are spread to chips for IC. Each
time, NTNU detected symbols are spread to NT chips.
Finally, the interference regenerator produces interference
from detected chips at all antennas by
yri(t) =
LFBX
i=1
heq(i)c(t  i); (13)
where LFB is the number of previous detected chips used in
the interference regenerator; c(t   i) is an NT  1 vector of
detected chips at time (t i). When LFB = M 1, the residual
interference is regenerated from all previous M   1 chips,
which is full regeneration. However, only the interference
from neighbor chips is strong. The interference from other6284
chips is weak. By adjusting LFB to only cover the strong
interference, we can perform partial IC. The complexity can
be much reduced without performance loss compared with
full regeneration as shown in section IV. Moreover, because
we use fewer detected chips for interference regeneration, less
data needs to be stored.
2) Partial multi-chip interference cancellation: Because the
despreading module converts the chip at time t together with
the chips in the same symbol to an undetected symbol, if
the interference can be removed from all these chips, better
performance can be achieved with more computation.
Based on this, partial MCIC is proposed. At time t, MCIC
cancels the interference in all chips in the same symbol by
yic(t+ j) = f(yeq(t+ j)  yri(t+ j))
= f(heq(0)x(t+ j) +
jX
i=1
heq(i)x(t+ j   i) + neq(t+ j));
(14)
where j = 0; :::; (p+ 1)LSF   t;
yri(t+ j) =
LFBX
i=j+1
heq(i)c(t+ j   i): (15)
After this, Eq. (12) performs the despreading.
B. Interference cancellation in LTE/LTE-A
In LTE/LTE-A, the equalized time domain symbols of each
user have the same equation as Eq. (5). However, without the
cut module, Eq. (5) is directly rewritten as
yeq(t) = heq(0)x(t)+
jX
i=j M+1
i6=0
heq(i)x(t i)+neq(t); (16)
where yeq(t) is an NT  1 vector of equalized time domain
symbols at time t; j is equal to (t mod M); heq(i) is an
NT  NT equalized time domain channel matrix at tap i;
heq(M+ i) = heq(i); neq(t) is an NT 1 vector of equalized
time domain additive white Gaussian noise at time t. The first
term in the equation is the transmitted symbols. The second
term is the residual interference from the other (M   1)NT
symbols in the same IDFTs at all antennas. This term can be
minimized by regenerating the interference from heq(i) and
detected symbols. Because there is no spreading factor, the
two IC schemes in HSPA/HSPA+ become a single equivalent
partial IC in LTE/LTE-A.
When NT equalized time domain symbols of each user
arrive, IC is performed by Eq. (7). Next, without despreading,
the symbols are directly detected.
Finally, the interference regenerator produces interference
from the detected symbols at all antennas by
yri(t) =
LFBX
i= LFF
i6=0
heq(i)s(t  i); (17)
where LFF is the number of future detected symbols used in
the interference regenerator. However, these symbols are not
received in the future, but already received and buffered. When
LFB+LFF = M  1, the residual interference is regenerated
from all other M  1 symbols in the same IDFT, which is full
regeneration. As in HSPA/HSPA+, by adjusting LFB + LFF
to only cover the strong interference, the complexity can be
reduced without performance loss, and less storage is needed.
C. Similarities and differences
As described, the flow of partial IC in HSPA/HSPA+ is the
same as in LTE/LTE-A. Although the interference regeneration
in Eq. (17) looks different from Eq. (13), Eq. (17) becomes
Eq. (13) when LFF = 0. Thus, same interference regenerator
can be reconfigured to support both standards.
IV. SIMULATIONS
Several schemes are compared in this section. They are:
1) No IC: There is no IC.
2) Parallel FD IC: All symbols are first detected, and then
IC is performed in the frequency domain by using all
detected symbols, similar to the schemes in [7]–[10].
3) Full IC: Symbol detection and IC perform iteratively
with LFB = M   1 in Eq. (13).
4) Partial IC: These are our proposed schemes. Symbol
detection and IC perform iteratively with LFB < M 1.
5) Perfect IC: Similar to full IC, except that accurate
transmitted symbols are used as detected symbols.
The simulation parameters are defined in Table I. They are
chosen according to HSPA/HSPA+ and LTE/LTE-A standards.
Orthogonal variable spreading factor (OVSF) is configured to
support the highest data rate for E-DPDCH in HSPA/HSPA+.
TABLE I
SIMULATION PARAMETERS FOR 5 MHZ CHANNEL BANDWIDTH
Parameter Value
Rayleigh channels [0 -4.7712 -7.7815 -7.7815] dB
Length of DFT 512
Length of IDFT 512 (HSPA/HSPA+); 300 (LTE/LTE-A)
Length of CP 36 (LTE/LTE-A)
Modulation order 16-QAM
Number of antennas 4  4
OVSF [2 2 4 4] (HSPA/HSPA+)
FDE MMSE-FDE
LFF 15 (LTE/LTE-A)
LFB 15
The performance in HSPA/HSPA+ is shown Fig. 4. Our
partial IC schemes can improve the performance of no IC
up to 2 dB. They also have 0.5 dB gain over parallel FD
IC. This is because that different from parallel IC, partial IC
performs detection and IC iteratively, so later IC is performed
on more accurate detected symbols. The figure shows that our
schemes have negligible performance loss compared with full
IC, and have close performance to perfect IC. This means that
cancelling only the strong interference does not degrade the
performance. The figure also shows that the performance of6285
Fig. 4. Performance in HSPA/HSPA+ with 4x4 MIMO in Rayleigh channels.
Fig. 5. Performance in LTE/LTE-A with 4x4 MIMO in Rayleigh channels.
partial MCIC is slightly better than partial SCIC, while as
mentioned in section III, partial SCIC has lower complexity
than partial MCIC.
The performance improvement in LTE/LTE-A, shown in
Fig. 5, is similar to that in HSPA/HSPA+. This means that
our scheme works well in both standards.
V. COMPLEXITY ANALYSIS
The complexity of receivers is shown in Table II. Parameters
are chosen as shown in Table I. The complexity is represented
by the number of equivalent multiplications needed by 512
MIMO chips/symbols in HSPA/HSPA+ or LTE/LTE-A.
The ratio1 in the table indicates that when the size of MIMO
increases, a reconfigurable receiver saves more complexity
from a receiver with separate HSPA/HSPA+ and LTE/LTE-
A uplink receivers. The table also shows that our partial IC
can reduce the complexity of parallel FD IC by 80.5%.
VI. CONCLUSION
In this paper, we suggest a reconfigurable multi-standard
uplink MIMO receiver to support both HSPA/HSPA+ and
TABLE II
NUMBER OF EQUIVALENT MULTIPLICATION FOR 512 MIMO
CHIPS/SYMBOLS
Number of antennas 1  1 2  2 4  4
Reconfigurable multi-standard receiver 7150 14319 28791
HSPA/HSPA+ & LTE/LTE-A receivers 7671 22994 87037
Ratio1 93.3% 62.3% 33.1%
Partial IC 255 1045 4370
Parallel FD IC 3794 8788 22376
Ratio2 = Partial IC/Parallel FD IC 6.7% 11.9% 19.5%
Ratio3 = Partial IC/Reconfigurable receiver 3.6% 7.3% 15.2%
LTE/LTE-A. Analysis shows that this reconfigurable receiver
can save up to 66.9% complexity. We further propose two low-
complexity partial iterative IC schemes to reduce the residual
interference of the reconfigurable receiver. Results show that
our schemes can bring up to 2 dB gain in both standards as
full IC performs, but with only 15.2% additional complexity.
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